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Abstract 
We give a description of ink-jet and plotter technologies used in the manufacture of printed electronic products, including the 
advantages and drawbacks of these technologies. We discuss the problem of ink evaporation common to plotter printing systems. 
We present theoretical and experimental dependence of thinner evaporation rate on the position in capillary. We offer a 
configuration and operation algorithm of a plotter system which allows reduced effects of ink evaporation.  
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of IICST 2014.  
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1. Introduction 
Rapid development of information and communications systems leads to new increasingly higher requirements to 
electronics regarding mass-dimensional parameters, cost, reliability and performance. One of the technologies that 
will, in the short run, replace traditional subtractive technologies of printed boards and microelectronics products 
manufacturing, is technology of printing (printer) functional layer pattern generation. Printing technology has 
several advantages over current approaches, including the possibility to make products of any form, high 
performance, low price and use of a wide range of materials [1, 2].  
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Printing technology employment is traditionally associated with the following areas: organic solar cell battery 
manufacture, organic display printing including for those with flexible bases, organic light-emitting diode (OLED) 
lighting, radio frequency identification (RFID) tags for identification systems, physical quantities detectors, memory 
cards, and flexible electric batteries [3].  
The piezoelectric ink jet printing method has become the most widespread technique of digital printing 
technology. This type of printer has a piezoelectric crystal located over its nozzle. The piezoelectric element, having 
voltage applied to it, bends and pushes against a diaphragm stop, forming a drop which later will be pushed off to 
the surface. The outlined method is implemented in customized printers produced by Fujifilm, Dimatix [4, 5], 
CeraDrop CeraPrinter [6], Roth & Rau B.V. PIXDRO [7]. Employment of ink-jet printing systems is associated 
with satisfaction of high requirements to parameters of the ink used, such as viscosity range, surface tension, and 
solid particle dimensions. Deviation from the assigned parameters can cause not only degradation of the printing 
process parameters (minimum dot diameter, film thickness), but also to printing head breakdown. Thus, large-scale 
implementation of ink-jet printing technologies is currently restrained by the existing range of available functional 
layers (inks) thinners.  
In this regard, alternative printing methods, which do not have the above mentioned drawbacks, are of particular 
interest. One of these methods is realized in the plotter printing system Gix Microplotter II produced by Sonoplot, 
USA [8]. The plotter printing element is a capillary with liquid (figure 1, a), the side of which has a piezoelectric 
element attached. The action of vibration towards axial axis forms an ink drop at the tip of the capillary. At the same 
time, contact between drop meniscus and the support surface is provided (figure 1, b) and capillary movement along 
the intended trajectory ensures droplet detachment and printed pattern formation.  
The advantages of the plotter printing system are high accuracy of solution dosing (from 0,6 pl), high resolution 
(from um), as well as the possibility to make patterns in the form of continuous curves, which distinguishes it from 
ink-jet printing systems. In addition, such a system is easy to use and does not have strict requirements to ink 
parameters.  
 
  
A b 
Fig. 1: Plotter printing system: 
(a) Plotter printing head; (b) photo of application process 
 
The main disadvantage of the aforementioned plotter system is the change in concentration of the ink’s active 
agent as a result of thinner evaporation. This is due to the fact that printing is done through the open capillary (figure 
1, a) and ink is taken in from an open vessel (for this end, the Gix Microplotter II system uses tablets for PCR-based 
diagnostics).  
The purpose of the work is to analyze this problem and develop a technique enabling the minimization of the 
liquid evaporation effect in the process of plotter printing systems use. 
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2. Evaporation rate analysis 
It is known that to calculate evaporation rate of the liquids, poured in open cylindrical vessels of small diameters, 
the following equation is used [9]: 
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where h is the vapor diffusion path (distance from liquid surface to free cylinder edge);  
 kt is the vapor diffusion coefficient;  
 P is air pressure; 
 Ps is saturated-vapor pressure; 
 φ•PS is the vapor pressure in the air. 
Equation (1) shows that the liquid evaporation rate (in approximation of static evaporation from the capillary 
cylindrical vessel of minor diameters) is inversely proportional to the distance from liquid level to the free edge of 
the vessel and at the same time does not depend on vessel diameter. It should be noted that this dependence 
describes an ideal variant which does not take into account a lot of effects happening in practical work: dependence 
of vapor diffusion coefficient on external pressure, dependence of evaporation rate on vessel shape, and dependence 
of evaporation rate on the form of liquid surface. For that reason, to estimate the impact of the unaccounted factor, 
the following experimental observations were made. Two cylindrical vessels made of clear glass with diameters of 1 
and 2 mm were used. Syringes were connected by flexible hoses to the free edge of each vessel, whereupon, the 
vessels were filled with test liquid. Toluene was used as a testing liquid as it is the most frequently used organic 
solvent. After this was complete, the capillaries were put in front of a video camera objective and a record was 
maintained of changes in level of test liquid in the course of time. 
Based on observation results, the dependences of liquid evaporation rates on its level were calculated. Similar 
calculations were made using equation (1). Figure 2 represents obtained theoretical and experimental dependences. 
 
Fig. 2: Dependence of toluene evaporation rate on liquid level in cuvette:  
1 – theoretical dependence; 2 – experimental dependence (vessel diameter – 1 mm);  
3 – experimental dependence (vessel diameter – 2 mm) 
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It was found that those experimental dependences of evaporation rate obtained for vessel with 1 and 2 mm 
diameters differ from the theoretical dependence (1) for not more than 10% with liquid level being placed from 
cuvette’s open edge for 7 mm and more whereas, with liquid level being at 12 mm or more, evaporation rate 
decreases more than 10 times in relation to the state when cuvette is fully filled. Therefore, while recharging the 
printing head of the plotter system, it is reasonable to maintain the toluene solution level in vessel at a certain 
optimal value in order to reduce the evaporation rate.  
We suggested modifying a plotter system by equipping it with an electronic cuvette. In such a case, the operation 
algorithm of modified GIX Microplotter II will take the following form:  
1) Plotter capillary shall be shifted to ink cuvette (figure 3, a);  
2) Using dozer, ink level in cuvette shall be raised to the top edge, capillary shall be put down into the cuvette 
(figure 3, b);  
3) Liquid shall be taken into the plotter capillary induced by capillary effect (figure 3, c);  
4) Using the dozer, ink level in cuvette shall be lowered to the rate providing the lowest evaporation. Capillary 
shall be moved to the printing area (figure 3, d);  
5) Printing shall be carried out;  
6) If required, return to the step No. 1 
 
Fig. 3: Schematic representation of recharging sequence for Gix Microplotter II  printing head 
1 – printing head; 2 – electronic cuvette; 3 – ink 
 
3. Trial model and software 
On the basis of the suggested method, a flow chart was developed of the electronic cuvette trial model, 
represented in figure 4. 
 
Fig. 4: Flow chart of electronic cuvette trial model 
 
Electronic cuvette is a glass capillary installed in a vertical position in a holder, the lower end of which is 
connected by flexible hose to the outlet of a programmable syringe dozer. Movements of syringe plunger are defined 
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by commands received from a personal computer. Optical feedback is realized by means of a video camera 
connected to the same computer and allowing the observation of the liquid level in the capillary.  
Figure 5 represents the photo of the electronic cuvette trial model developed on the basis of the suggested flow 
chart, and image of software interface used to manage the operation of this cuvette. 
 
 
Fig. 5: Prototyping results: 
 a) Gix Microplotter II equipped with electronic cuvette trial model; 
b) electronic cuvette software interface 
 
Figure 5 includes: 1 – printing head; 2 - cuvette capillary; 3 – video camera; 4 – syringe dozer. Designed 
electronic cuvette model has the following parameters:  
Active capacity – 100 mcl;  
Doze system pace – 25 nl; 
Glass capillary inner diameter – 1 mm;  
Minimal linear movement of liquid level – 20 mcm. 
4. Conclusion 
This work suggests a method and layout enabling the reduction of ink evaporation rate when using a plotter 
printing system. It stands to reason that the suggested approach leaves open the possibility to use other arrangements 
for reducing evaporation rate, such as alteration of thinners’ compositions and the use of temperature mechanisms to 
control liquid parameters. These measures can be considered as additional steps which will allow ensuring higher 
stability of solution parameters.  
As a result of the research carried out, an electronic cuvette model was developed is currently being used as a part 
of plotter printing system. Future work is planned to solve the issue of ink temperature control, which will allow 
controlling viscosity and surface tension parameters as well as deeper integration of the designed system with the 
Gix Microplotter II software in order to achieve full printing process automation. 
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